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This equation only gives us the local response of the disk to these

perturbations, and we see that the a r-dependence plays no role, the

major role being locally played by the parameter dependence. When

we look for the global response of the disk, this equation no longer

applies, being substituted by the correct and more complicated set

of coupled differential equations, which solution is highly depen-
dent on the a radial dependence.
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the problem under the influence of rotation is made nor the condi-

tions under which there will be local energy dissipation and an

effective viscosity can be assigned to the flow. Also, not apparent in

their results are effects such as inverse energy cascade with conse-

quent diminishing of the angular momentum transport efficiency or

even how the spectrum in the inertial zone, i.e., Kolmogorov's

spectrum, is affected by rotation. In a previous paper[S]', employing

results from [1]: we have shown that even for Rossby number > I

turbulence is affected by rotation, but it succeeds in forming smaller

structures, as compared to the case without rotation, in such a way

as to overcome rotational effects. As far as the efficiency of angular

momentum transport is concerned, the value of the viscosity param-

eter is highly affected, even if the Rossby number is much greater

than i.
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Analyzing turbulent flows with rotation, Dubrulle and Valdettaro

[I] have concluded that some new effects come into play and may

modify the standard picture we have about turbulence. In that

respect the value of the Rossby number is of crucial importance
since it will determine the transition between regimes where rota-

tion is or is not important. With rotation there will be a tendency to

constrain the motion to the plane perpendicular to the rotation axis
and as a consequence the horizontal scale will increase as Compared

to the longitudinal one, which means that the turnover time in this

direction will increase. The net effect is that the energy cascade

down process is hindered by rotation. As a matter of fact, when

rotation is present one observes two cascades: An enstrophy (vortic-

ity) cascade from large scales to small scales and an inverse energy
- cascade from small scales to large scales. Since the first process is

not efficient on transporting energy to the dissipation range, what
-" we see is energy storage in the large structures at the expense of the
!

small structures. This kind of behavior has been confirmed experi-

powedaws that depend only on the temperature, corresponding to

regions in which opacity is provided either by water ice grains or

silicate and Fe grains. It should be remarked, h_wever, that by
taking into account the z-structure of the disk: there will be, no

matter the radius, a region close to the surf_cgof the disk, where the

lower-temperature opacity law applies. As we go further out, this

region approaches the midplane of tl_e disk. In the outer regions,

where the temperature is below Lheice condensation point, only the

lower-temperature law is applicable. The height of the point sepa-

rating these regions will be _rucial in the determination of anisot-

ropy factor and the viscosity parameter as well as in the possible
existence of critical parameters for the flow. Although our results

are preliminary compared to other results in the literature, the

efficiency for angular momentum transport we have obtained is

higher. These _h values of a may imply that within this formula-

tion the viscous evolutionary stage of the nebula is shorter. Our

formulatign also implies a minimum accretion rate to ignite convec-
tive ins_*bilities. Since the mass of the disk is related to the accre-

tion rate the main implication of this is related to the age of the
nebula' .....
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R o < 1 it will he greatly affected. It is worth mentioning that

compressibility effects will also affect turbulence through the gen- _ We have ireated turbulence with rotation in a thin Keplerian
eration of waves, shocks, etc. These aspects have been underesti- _disk. Highlighting implicit assumptions already existent in the a

mated by Cabot et al. [3] in their application of the theory of large- -model together with a geometrical but physically reasonable deduc-

structure turbulence developed by Canuto and Goldman [4] for the tion of the degrees of freedom of the largest eddies, which is of

turbulence generated by convective instability, in the sense that no _aramount importance in our formulation, we were able to obtain

discussion about the behavior of the characteristic scale lengths in relations satisfied by parameters of the turbulence, such as turnover


